Purpose. Previous epidemiological and cost studies of fungal meningitis have largely focused on single pathogens, leading to a poor understanding of the disease in general. We studied the largest and most diverse group of fungal meningitis patients to date, over the longest follow-up period, to examine the broad impact on resource utilization within the United States.
INTRODUCTION
Fungal meningitis (FM) can manifest from the dissemination of any human fungal pathogen into the subarachnoid space (SAS), where the cerebrospinal fluid (CSF) resides. Usually this occurs secondary to a systemic infection, as the fungus breaches the blood-brain barrier (BBB) into the intrathecal space, either haematogeneously or locally with trauma and/or surgery [1] . The SAS and its contents are normally immunologically protected, having both functional and anatomic barriers to invasion by both foreign pathogens and native immune responses [2] . Major primary fungal pathogens, including C. neoformans/C. gattii, C. immitis/C. posadasii or H. capsulatum, can cause central nervous system (CNS) infections in both apparently immunocompetent and immunocompromised individuals, while opportunistic fungi such as Candida species penetrate the CNS secondary to an immunocompromised state or dysfunctional protective structures [1] .
Cryptococcal meningitis (CrM)
Cryptococcal meningitis (CrM) is the most common cause of adult meningitis-particularly in regions with high HIV burden-and is a growing cause of concern around the world [3] . Caused by Cryptococcus neoformans or Cryptococcus gattii, CrM manifests when a cryptococcal infection disseminates to the CNS and is associated with an uncertain prognosis [1, 4, 5] . Cryptococcal infections were reported in fewer than 500 patients globally prior to the 1960s, but clinicians witnessed a dramatic rise during the early AIDS pandemic of the 1980s, with over 330 cases per year in the United States alone [6, 7] . As the HIV pandemic grew, CrM followed. HIV is the largest risk factor for CrM and is associated with up to 79 % of CrM cases. CrM accounts for up to 15-17 % of AIDS-related mortality, even in resourceavailable settings [3, [8] [9] [10] . Over the last decade, approximately 1 million cases were diagnosed on an annual basis worldwide, with approximately 700 000 deaths per year, up to 500 000 of which occurred in Sub-Saharan Africa alone [3, 5] . With the increasing availability of more widespread antiretroviral therapy (ART) for treatment of HIV infection, the burden of CrM has decreased modestly worldwide. In fact, the most recent estimates indicate around 200 000 new cases per year, with 120 000 deaths [11] . However, a sobering study showed that with ART availability in sub-Saharan Africa cases of cryptococcosis have levelled off at what is still a high rate [12] . Moreover, while the rate of undiagnosed HIV is decreasing in the United States, it is still the case that CrM is commonly diagnosed late in the disease process among socio-economically disadvantaged populations and those with less obvious risk factors, which leads to potentially worse outcomes [13] . HIV-negative and nontransplant CrM is a less common but significant problem, with a high rate of mortality (20-30 %) despite available therapy [10] . Of the HIV-uninfected patients, one large series identified 25 % of CrM patients as receiving steroid therapy, 24 % with chronic kidney, liver, or lung disease, 16 % with a malignancy and 15 % with solid-organ transplants [14] . However, when HIV infection is excluded, up to 30 % of CrM cases can occur in apparently immunocompetent individuals with no underlying disease [14] , and they are commonly caused by C. gattii [1] .
Despite the substantial emphasis on management of CrM, the literature is scant and incomplete regarding the overall economic costs of CrM, and single-centre studies have focused on the initial hospitalization, which may give a limited view of the economic impact [15] . An aim of this study was to provide a longitudinal view of the incidence and economic burden of CrM in the United States.
Coccidioides meningitis (CoM)
Coccidioides meningitis (CoM) is the result of disseminated coccidioidomycosis, caused by the sibling dimorphic fungi, Coccidioides immitis and Coccidioides posadasii, with geographical boundaries. The incidence of coccidioidomycosis within the United States has been increasing since 1998, and was last reported at 42.6 per 100 000 in 2011, with 66 % of cases occurring in Arizona and 31 % in California [16] . Approximately 1 to 3 % of coccidioidomycosis cases disseminate [16] , and within the first few months after acute primary infection 33 to 50 % develop meningitis [1, 17] . Similar to other types of FM, it is likely that immunosuppressed individuals are at higher risk for CoM [16] . However, Bronnimann and colleagues linked only 2 % of CoM cases with immunosuppressive therapy or HIV infection prior to disease onset [18] , indicating far less influence from immune suppression than other forms of FM and suggesting a potential genetic role in meningitis risk [1] . For instance, any individual may experience disseminated coccidioidomycosis, but the risk of dissemination seems to be higher in Filipinos, African Americans, diabetics and third trimester pregnancy individuals [16, [19] [20] [21] [22] [23] [24] [25] . CoM may result in severe and fatal complications if not identified and treated immediately [26] . It is uniformly fatal without any treatment [27] , but current antifungal regimens cannot reliably cure CoM [1, 16, 28] . With the advent of antifungal treatment, the mortality rate has dropped to~30 %, but morbidity remains unchanged [29] .
Histoplasma meningitis (HM)
Histoplasma meningitis (HM) is a geographical fungal infection caused by the dimorphic fungus Histoplasma capsulatum and is endemic to certain areas within the United States, South America, Southeast Asia and Africa [30, 31] . Immunocompromised individuals are at risk for developing lethal progressive disseminated histoplasmosis [1, 30] . Specifically, HM occurs in AIDS patients, solid-organ transplant recipients, and patients taking corticosteroids or TNFa antagonists [1, [32] [33] [34] [35] [36] [37] . Wilson et al. reported a total of 4950 diagnosed cases of histoplasmosis in 1994, with an incidence of 19.02 per million of the US population, and 3681 patients diagnosed with histoplasmosis in 1996, with an incidence of 13.62 per million of the US population [38] . In a clinical review of H. capsulatum, Wheat et al. identified CNS manifestation in 10-20 % of disseminated histoplasmosis cases [37] . The mortality rate for those with CNS involvement was 20-40 %, with a relapse rate of 50 % in those who survive [39, 40] .
Candida meningitis (CaM) Candida meningitis (CaM) is a fungal infection of the CNS caused by several Candida species, including Candida albicans, Candida tropicalis, Candida lusitaniae and Candida parapsilosis, which are distributed worldwide and are encountered in patients globally [1] . Candida infection is known to disseminate to the CNS in immunocompromised patients or in the setting of anatomic abnormalities [1, 41] . Notably, CaM is most common in infants with an immature BBB, while C. albicans is the most common fungal isolate from both newborn and infant CSF [17] . Moreover, neonates who develop candidaemia are at greater risk for CNS dissemination of the disease than adults [42] . Neurosurgical procedures also breach the BBB and offer an opportunity for direct inoculation of the CNS with yeasts [1] . In fact, CaM is the most common fungal meningitis for patients with ventriculoperitoneal shunts or ventriculostomies and often occurs with concurrent post-surgical antimicrobial prophylaxis [43] [44] [45] . The mortality associated with untreated CaM ranges from 50-97 % [46] . After treatment, mortality decreases to 10-30 %, with percentages varying by risk group [1, 46] .
Because infants are a particularly at-risk population, studies from other groups have identified the incidence of CaM in neonates as 0.4%, and 1.1 % in infants weighing <1500 g at birth. Importantly, the mortality rate in infants varies from 12-35 % [42] . Another study of premature infants identified a 44 % mortality rate from CaM, with 60 % combined mortality and developmental disabilities, versus 28 % in agematched controls [47] .
Fungal meningitis healthcare economics and resource utilization Soaring healthcare costs and healthcare reforms have put an increasing emphasis on creating cost-effective therapies for acute, subacute and chronic conditions. For CNS infections, there are more than 72 000 hospitalizations for meningitis annually, arising from either fungal, viral, bacterial or parasitic origins [48] . This results in expenditures totalling $1.2 billion dollars annually in hospital costs for the US healthcare system [48] . Specifically, FM is a growing national concern for both healthcare costs and overall patient care. For instance, among the various pathogens that cause meningitis, the greatest overall mortality in the US was attributed to those individuals diagnosed with FM (9.1 %) [48] . Moreover, mortality rates of at least 50 % for FM have been reported in immunocompromised cohorts in certain regions and countries, such as Southeast Asia and Africa, even with treatment [49] [50] [51] [52] [53] [54] . Although comparatively rare for CNS infections (7.3 % of meningitis-related hospitalizations) [48] , management of FM is not only deadly but may be costly to the healthcare system because of its chronic sequelae producing long-term morbidity and thus utilization of healthcare resources.
While other studies have analysed the epidemiology [1, 32, [55] [56] [57] , treatment options [1, 55, 58] , pathogenesis [1] and costs [15, 38] comprehensive and conclusive analyses examining the prevalence, patient characteristics and US health economic burden over a longitudinal observation period. Therefore, the goal of this study was to provide the relative and overall prevalence of specific FMs and their subsequent 5-year healthcare resource utilization (HCRU) and economic impact on a national scale across the United States. This study combines the largest group of FM patients analysed to date with the longest follow-up interval for FM.
METHODS
The Truven Health Analytics MarketScan inpatient and outpatient research database was utilized to retrospectively quantify the prevalence, economic impact and healthcare resource utilization due to FM in the United States between 2000 and 2012. Patients were identified by the primary International Classification of Diseases-9 Codes (ICD-9-CM) for all FM types, and then subdivided by type of FM, so that fungus-specific quantification and comparison could be performed (Table S1 , available in the online version of this article).
Data were collected at first admission for FM, 1 year prior to initial FM diagnosis (baseline), and for up to 5 years following diagnosis. Patient characteristics, including year of diagnosis, age at initial diagnosis, sex, insurance status, discharge status, region, baseline annual costs, employment status, baseline annual length of stay (LoS), followup years, inpatient/outpatient status, mortality status and Charlson comorbidity index score (CCI), were collected for the entire cohort. Mortality was defined as the number of in-hospital deaths due to each type of FM. CCI is a validated measure for the long-term prognosis of patients due to comorbid diseases [59] . A score of 0 is awarded to patients with no comorbid disease, and a score of 6 is awarded for severe diseases such as malignant tumours. A patient's CCI score is calculated as the sum of all individual comorbid diseases [60] . The CCI was classified as 1, 2 and 3+ in this study.
The primary outcomes of interest were prevalence, healthcare resource utilization (HCRU) and mortality. Prevalence was defined as the proportion of patients diagnosed with a specific fungus among all FM types. Fig. 1 denotes the number of patients diagnosed with each type of FM and the prevalence for each year between 2000 and 2012. HCRU comprised LoS and cost data. LoS was defined as the number of days a patient was hospitalized during their inpatient visits. Costs were calculated as the total inpatient and outpatient expenses to the hospital from the primary admission and up to 5 years after admission. Negative and extremely large value outliers were removed by excluding the highest and lowest 1.5 % of values to account for these outliers. It is important to note that monetary values reflect the costs in the years that data were collected and are not corrected for inflation over time.
Statistical analysis
The patient characteristics were summarized by mean±stan-ndard deviation (SD) and range for continuous numerical variables or frequency for categorical variables. Annual expenditure and LoS for patients diagnosed with FM during the diagnosis year, and up to 5-year follow-up times, were summarized by their mean±SD values. The 95 % confidence interval of patient mortality at each follow-up period was calculated to determine the stability of the estimates. A 5-year Kaplan-Meier plot was then generated to visualize length of survival, measured in days from the date of initial diagnosis, and patients surviving beyond that follow-up period were censored. Due to sample size limitations within FM groups, a Kaplan-Meier plot was only generated for CrM. A longitudinal analysis was used to model the value of log(cost) in each 1-year interval using a generalized estimating equations (GEE) model to account for the correlation of the same patient's cost in multiple years. The model included meningitis type, sex, age, employment status, insurance, prior Charlson score, region of country, meningitis diagnosis year and follow-up years after diagnosis as the independent covariates, among which sex, employment status, Charlson score, country region and insurance were evaluated as categorical variables. The GEE model assumed an exchangeable correlation structure for patients with multiple years of data. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) and the figures were created using GraphPad Prism 7.0 c for Mac (GraphPad Software, La Jolla California, USA; www.graphpad.com).
RESULTS
A total of 1927 patients with an FM diagnosis between 2000 and 2012 were identified in the Marketscan database. Of this cohort, 1351 patients (70.11 %) were diagnosed with CrM, 315 (16.35 %) were diagnosed with CoM, 146 (7.58 %) were diagnosed with CaM and 115 (5.97 %) were diagnosed with HM. Interestingly, the prevalence of each of the individual types of FM remained at consistent levels over the years of observation (Fig. 1 ).
Patient demographics
Cryptococcal meningitis (CrM) The patient demographics are described in Table 1 . Most patients diagnosed with CrM were middle-aged (M=48.5 years, SD=14.9) and male (66.2 %). The available regional data identifiers indicate that CrM patients are most frequently located in the Southern region of the United States (27.8 %), followed by the North Central (9.2 %), Northeast (7.3 %) and West (6.4 %) regions. Of note, the data from patients with Medicaid insurance did not include details of their geographical distribution. In fact, almost half (48.0 %) of those diagnosed with CrM were covered by Medicaid insurance, followed by 40.9 % with private insurance and 11.2 % with Medicare. Only a small percentage of patients had a full-/part-time job (12.3 %) or were retired/Medicare-eligible/disabled (10.4 %) at the time of diagnosis. The vast majority of those diagnosed with CrM had a CCI score of 3+ (74.5 %), with 8.3 % with a CCI of 2 and 6.7 % with a CCI of 1, while 10.6 % were given a CCI score of 0. The length of follow-up ranged between 0.0 to 13.0 years, with an average follow-up of 2.1 years (SD=2.4).
Coccidioides meningitis (CoM)
For those diagnosed with CoM between 2000 and 2012, the average age at initial diagnosis was 53.1 years of age (SD=15.9). A majority of the patients diagnosed with CoM were male (56.2 %). As expected, CoM diagnoses were most prevalent in the Western region of the United States (64.4 %), followed by the Southern (15.2 %), North Central (10.2 %) and Northeast (1.9 %) regions. A higher percentage of patients were privately insured (68.3 %), followed by those with Medicare (24.4 %) and then those with Medicaid (7.3 %). Patients diagnosed with CoM were mostly fulltime/part-time employees (25.7 %) or retired/Medicare-eligible/disabled (25.1 %), as opposed to Medicaid-supported (7.3 %), in accordance with the insurance data. A large portion of the patients diagnosed with CoM had a CCI score of 3+ (37.8 %), with 18.7 % having a CCI of 2, 14.0 % having a CCI of 1 and 29.5 % having a CCI score of 0. The length of follow-up ranged between 0.0 to 11.9 years, with an average follow-up of 2.3 years (SD=2.5). Further details on the patient demographics are available in Table 1 .
Histoplasmosis meningitis
The mean age of patients diagnosed with HM between 2000 and 2012 was 56.9 years (SD=16.3), with the majority of diagnosed patients being male (53.9 %). The available regional identifiers indicate that HM is most prevalent in the Southern region of the United States (43.5 %), with a smaller percentage of cases being found in the North The range of length of follow-up went from 0 to 7.7 years, with an average follow-up of 1.5 years (SD=1.7). Further demographic information is available in Table 1 .
Cost, length of stay and mortality rates The Truven Marketscan Database offers a unique opportunity to study a large cohort of patients over an extended period of time. No previous studies have analysed a group as large as this cohort with as many fungi as feature in this study. Fig. 2 depicts the various costs associated with FM. Fig. 3 relates to LoS. Fig. 4 illustrates mortality.
Cryptococcus meningitis (CrM)
The average baseline cost for individual treatment, 1 year prior to CrM diagnosis, was $18 187 (Fig. 2) . Fig. 2 also depicts the annual costs during the year of diagnosis and every year for the following 5 years of treatment. The average cost for patients during the year of initial diagnosis with CrM increased to $38 649, and then averaged $12 917 over the next 5 years. The cumulative total cost over 5 years was $103 236.
The average annual LoS of patients 1 year prior to diagnosis with CrM was 10.6 days, but notably, by 1 year after diagnosis, this number had quadrupled to 41.5 days (Fig. 3) . Over the next 4 years, the average annual LoS decreased to 4.7 days per year. This corresponded to a cumulative average LoS of 70.6 days hospitalized at 5 years after the initial diagnosis year.
The Kaplan-Meier curve (Fig. 4) depicts the proportion of survival after each mortality event over a 5-year period.
Patients that were lost to follow-up were censored and characterized as dashes on the Kaplan-Meier curve. The survival rate for CrM declined sharply from day 0 to day 500, and thereafter continued to decline at a decreasing rate over the 5-year observation period. Fig. 4 also offers a summary of the survival of CrM inpatients over a 5-year period, with 88.4 % of patients surviving at year one after diagnosis and 79.5 % surviving to year five.
Coccidioides meningitis (CoM)
On average, the baseline annual cost for a CoM patient 1 year prior to diagnosis was $14 287 (Fig. 2) . During the year of diagnosis, the mean annual expenditure increased to $29 074, with a subsequent average of $10 673 per year through 5 years. Moreover, the cumulative total cost over 5 years was $82 439 (Fig. 2) .
The baseline mean annual LoS was tracked for patients 1 year before (baseline) and up to 5 years after CoM diagnosis. The baseline LoS was 6.8 days (Fig. 3) and it peaked during the year of diagnosis (22.7 days), with a subsequent mean of 5.0 days annually over the next 5 years. This corresponded to a cumulative average LoS of 48.1 days at 5 years after the initial diagnosis year (Fig. 3 ).
Histoplasma meningitis (HM)
One year prior to diagnosis, the mean annual hospital cost for HM patients (baseline) was $15 512 (Fig. 2) . During the year of diagnosis, the average annual cost increased to $23 799, with a subsequent average annual cost of $12 252 over the next 5 years post-diagnosis. The cumulative average annual cost over 5 years totalled $78 609 (Fig. 2) .
The mean annual length of hospital stay 1 year prior to diagnosis (baseline) was approximately 3.9 days (Fig. 3) . Average annual LoS peaked during the first diagnosis year (39.3 days), subsequently averaging 2.1 days annually over the next 5 years. This corresponded to a cumulative average LoS of 49.8 days at 5 years after the initial diagnosis year (Fig. 3 ).
Candida meningitis (CaM)
The baseline mean annual hospital cost for a patient 1 year prior to CaM diagnosis was $38 929 (Fig. 2) . During the year of diagnosis, the mean annual costs increased to $51 304, with a subsequent average annual cost of $10 500 over the next 5 years. Fig. 2 represents the cumulative average annual cost over 5 years, totalling $103 803.
The baseline mean annual LoS 1 year prior to CaM diagnosis was 31.6 days (Fig. 3) . The average annual LoS peaked during the first diagnosis year (60.9 days) and averaged 3.6 days annually over the next 5 years. This corresponded to a cumulative average LoS of 79.0 at 5 years after the initial diagnosis year (Fig. 3) .
Annual cost based on multivariate longitudinal analysis Further, each unit increase in year of initial diagnosis is expected to add a 3 % increase in cost [P=. 
DISCUSSION
Susceptibility to FM is mediated by the complex but generally effective host defence system. For example, neurosurgical procedures offer an opportunity to bypass the natural structural barriers of the CNS, and are a well-characterized risk factor for FM [1, 61, 62] . Treatments or syndromes that weaken the immune system increase susceptibility to FM. Disorders and treatments such as HIV/AIDS, certain lymphoreticular malignancies, diabetes, iron chelation and corticosteroid therapies can weaken the host immune system and are risk factors for FM [1, 63] . Drugs and other treatments, such as certain chemotherapies, powerful antibacterial regimens, organ transplants and their immunosuppressants, immune biological modifiers, or high-dose corticosteroid treatments can contribute to FM pathogenesis [1, 64] . Moreover, there are five major factors that affect outcomes during FM infection: (1) underlying disease; (2) fungal burden at the CNS site; (3) development of the host inflammatory response; (4) increased intracranial pressure development and its control; and (5) specific symptoms at presentation of the infection (particularly level of consciousness or mental status) [1, 65, 66] .
This study retrospectively analysed the records of 1927 adult patients with FM to determine variations in healthcare costs and outcomes that might be due to race, sex, or socioeconomic status. There were several significant findings from this study. For the 13 years of this study, the years 2000-2012, the relative proportion of each type of FM analysed remained relatively constant (Fig. 1) . Certain diseases, including HIV infection and cancer, medications such as steroids or anti-TNF-alpha, and surgical procedures including organ transplant, weaken the immune response of patients and can make individuals susceptible to FM. The most commonly encountered FM is CrM, accounting for almost 70 % of all FM cases in this cohort. It is important to note that while CrM, CoM and HM are seen in middle-aged patients, the predominant patient population for CaM is strikingly different. Candida infection is mostly acquired in hospital settings and is generally observed in infants and children. Since our study only included patients above the age of 18 years, the prevalence of paediatric candidiasis is not accurately represented and the actual prevalence of CaM is undoubtedly higher than has been presented in this study. Despite this limitation, the study provides a unique perspective on the strikingly high costs of CaM management even in adults, a cost that is commonly ignored by other studies, which have largely focused on paediatric and infant cases of CaM.
Another common characteristic of FM patients is a high burden of co-morbid diseases, with >60 % of patients in this cohort recording a CCI score of 3 or higher. Furthermore, as indicated by the healthcare costs 1 year prior to diagnosis, these patients have generally received substantial recent healthcare resource utilization, which is likely due to management of prior underlying comorbid diseases. As described by the GEE model, the cost of treatment for an FM patient with a CCI score of 1 is expected to be 72 % higher than for those with a CCI score of 0. Similarly, these costs increase significantly with increasing CCI score, being 124 % higher for patients with a CCI score of 2 and 204 % higher for patients with CCI score of 3 as compared to patients with a CCI score of 0. This trend of increasing cost holds true for patients within individual FMs. This increase in healthcare costs with increasing co-morbidities reflects a general principle in health economics and highlights the complexity of the treatment of FM patients and its substantial burden on the healthcare economy within the United States. [48] .
The geographical distribution clearly shows that the Southern region of the United States represents the most common location for three out of the four FM. From the endemic histoplasma and the partially endemic Cryptococcus through to the ubiquitous Candida, this area of the USA has the highest burden of FM. It is also important to note that while CoM is primarily observed in the geographically restricted environment of the west, the mobile society in which we live allows CoM to be found in all parts of the USA. Clinicians outside the endemic area of the west must still consider it in a FM differential diagnosis and a travel history will be important.
Among individual FM infections, CaM patients had the highest cost of healthcare at baseline, which continues to accumulate during the year of diagnosis and in the following years. For example, one of the major patient populations susceptible to adult CaM is neurosurgical patients. The expensive nature of these surgical procedures and morbidities may be a predominant reason for significantly higher baseline healthcare costs for CaM patients. CrM patients have the second highest cost of healthcare at baseline, reflecting the fact that many of these patients are immunocompromised (i.e. transplant recipients and those with other underlying diseases). It should be noted that, with the exception of diagnosis year, the baseline costs for all FM types were greater than the costs after the diagnosis year. We believe that this represents an escalation of care for patients before they develop FM. Importantly, with CrM, the cost of initial treatment in this cohort averages $38 648 in the first year alone. Moreover, because this study tracked the long-term costs of CrM, we were able to quantify the previously neglected cumulative costs of CrM, which total $103 236 over 5 years. Our interpretation of this novel finding is that CrM targets patients with severe underlying diseases, which require significant resources to manage, and/or we may have seriously underestimated the long-term morbidity and economic impact of the CNS infection. [67] . This figure is based on cost estimation using 2015 US medication prices for the combination therapy of 2 weeks of intravenous (IV) amphotericin B and flucytosine. Much of this substantial increase, as seen in the analysis from University of Minnesota, was driven by the massive increase in flucytosine cost secondary to pricing issues and use of drug exclusivity. However, these medical centre estimates did not approach the costs associated with complications, relapses, or outpatient care once a patient has been discharged. We have provided additional data for these follow-up years, demonstrating the limitation of only analysing the initial treatment, as this grossly underestimates the overall scope of the total amount of healthcare resource utilization for FM. These costs and additional hospitalizations are underreported in the literature and may be attributed to the multitude of comorbidities and underlying diseases that specifically afflict FM patients. However, these treatments and costs may also be ascribed to persistent FM complications, such as increased intracranial pressure requiring shunts, immune reconstitution inflammatory syndrome (IRIS) and persistent neurological deficits requiring intensive care.
It is important to note that long-term LoS and costs after 5 years for a presently incurable infection such as CoM are not included in our calculations for the aggregate economic impact of FM. Furthermore, the indirect costs of healthrelated loss of productivity and wages are substantial for both patients and employers and are not captured in this analysis. There have not been any recent breakthroughs in FM treatment, with no new pharmaceutical agents or interventional approaches having been developed. It is reasonable to hypothesize that improvements to the type or efficacy of FM treatment might improve the clinical outcomes and economic impact of the disease. The therapies that are currently available for treating FM provide pharmacological targeting of the yeast, requiring at least 2 weeks of initial high doses of antifungal drugs and then a maintenance therapy for months to follow. There is a desperate need for new therapeutic options that address the known pathophysiology of FM, including targeted reduction in fungal burden and related inflammatory molecules (for example, the inflammatory components of cytokine storm and the polysaccharide antigen for CrM) that are known to exacerbate the disease pathology. Also of significant importance is the length of time that is required for a therapy to control the pathogen and change the course of the disease. If the window of time required for treating FM were reduced this might significantly improve the outcomes and costs of meningitis for patients and healthcare providers.
Our study examined a large nationwide patient population, thereby reducing the variations that are present in singleinstitution studies. This study combined the largest group of FM patients studied to date with the longest follow-up interval ever analysed. MarketScan collects data from a variety of practices and insurers across the United States. Although it does carry the inherent limitations of a retrospective analysis, it does provide a broad view of infectious disease practices and cost-effectiveness data from across the United States. Unfortunately, this study was unable to stratify patients in terms of their complexity of care, types of interventions and the specific antifungal regimens used. Variations in coding may also have affected the data that were extracted from the Marketscan database, while the lack of detailed clinical information prevents us from analysing how the presence or absence of certain complications, comorbidities and treatment regimens independently and congruently affected both annual expenditures and LoS. It is important to note that the long-term HCRU outcomes here are limited in this sense. After the index FM diagnosis, every clinical encounter was included for HCRU calculations to broadly illustrate the resource utilization of FM patients over time as a whole. Despite these limitations, this study demonstrates the steady prevalence of FM over the past decade. In addition, it highlights the significant cost of FM, not only in the initial year of diagnosis, but also over the subsequent 5 years, due to the significant morbidity and costs that accompany the diagnosis and treatment of FM.
